Numerous acids have been protected as tributyltin esters using tributyltin hydride or tributyltin methoxide. Protection with tributyltin hydride was found limited when the use of tributyltin methoxide affords stannylesters in quantitative yield. Deprotection step proceeds in good yields using potassium fluoride followed by a slightly acidic solution. This protection have been successfully applied in Stille cross-coupling reactions between vinyltributyltins and vinyl iodide bearing a protected carboxylic function.
Introduction
In a polyfunctional substrate, a selective chemical reaction on one site needs in many cases the protection of the other reactive sites. For this purpose, many protective groups have been proposed in the past and this field remains under investigations. 1 For the protection of carboxylic acid function, different anhydrides, 2 amides 3 or esters, 4 particularly unsaturated esters, 5 have proven to be very efficient. In the last case, numerous deprotection procedures use specific reagents such as palladium 6 or rhodium 7 catalysts.
As part of an ongoing effort in the direct synthesis of acids, 8 we found that the radical hydrostannation of but-3-ynoic acid with tributyltin hydride does not lead to the corresponding vinyltin but yields quantitatively tributyltin carboxylate 2 (and H 2 gas evolution). The same reaction, in the presence of two equivalents of tributyltin hydride leads effectively to the corresponding protected vinyltin as depicted in scheme 1. Furthermore, we found that the palladium cross-coupling of vinyltin 3 with arylhalides occurs in high yield. Attempts using the acid free equivalent of 3 consistently failed.
Taking into account the judicious Kocienski's remarks about the required qualities of a protecting group 1 and the precedent observations, we have evaluated the possibilities to propose tributyltin as a temporary protective group of the acid function in certain reactions like Stille's cross-coupling. Moreover, as evoked in the past, the tributylstannylation of acid functions generally increase the solubility of the products, especially in the case of polyacid compounds. Tributyltin carboxylates have already been proposed as protective group in the total synthesis of penicillins and gibberelins. 10 The treatment with bistributyltin oxide of carboxylic acid function affords tributyltin carboxylates in good yields. However, the major drawback of this procedure is the generation of water which must be removed by azeotropic distillation and, also, of numerous organotin by-products which impose a purification step.
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In this paper, we wish to report the easy formation of tributyltin carboxylates using tributyltin hydride or tributyltin methoxide and the application of this protection type in the Stille's cross-coupling reaction.
Results
Our results are summarised in the table 1. The synthesis of the stannylesters was realised using two methods. One involves the use of tributyltin hydride (A method) which gives stannylesters and H 2 gas evolution. A similar experiment conducted with one equivalent of tributyltin methoxide (B method) leads to the same carboxylate within a couple of minutes after removal of the methanol formed. The acid function is simply regenerated by treatment with an acidic solution or with a saturated potassium fluoride solution followed by a slightly acidic treatment (In this case, the saponification is quantitative giving acids in good yield). Due to the simpleness of this methodology, we decided to verify the general character of this reaction to protect and deprotect numerous acids. The use of tributyltin hydride must be avoided with substrates bearing a triple bond or an halide group which are partially reduced. On the contrary the use of tributyltin methoxide affords good yields and seems to have a general character excepted for aminoacids. The deprotection step gives excellent yields under mild experimental conditions. No racemisation (entry 2), no isomerisation of double bond and no polymerisation of unsaturated systems occur during the protection or deprotection steps giving to this methodology a potential way of protection/deprotection system.
Applications
We have shown that, in some cases, functional groups can be introduced via organotin reagents in the presence of palladium complexes on iodovinylic acids without any protection of the carboxylic acid function.
8 · 12 Nevertheless, the use of vinyltin reagents bearing, in 2 position, an electron-donating group such as for example isobutenyltributyltin does not allow the transfer of a vinyl unit. A possible explanation for these observations is that the intermediate vinylpalladium, resulting from the oxidative addition onto the C(sp 2 ) -I bond, reacts with the free carboxylic acid giving a carboxylate palladium specie in which the electrophilic character of the palladium atom has significantly decreased. So, in the case of vinyltins (or tin acetylides) the transmetallation of the tin atom becomes inoperative, due to deactivated by an electrondonating-group in β position. And we decided to protect the iodovinylic acids with a tributylstannyl moiety and check the corresponding cross-coupling reaction under palladium catalysis. The cross-coupling reactions affords dienes or enyne products in good yields (table 2) . The same reaction has also been performed with vinyltin 3 and phenyl iodide under tetrakistriphenylphosphine palladium (0) catalysis. The mild experimental conditions of the Stille cross-coupling reactions leads to dienes free of polymerisation or isomerisation products. The synthetic potential of theses compounds have not been completely studied at the moment, however dienic compounds undergo Diels-Alder type reactions affording functionalised cycloadducts in good yields. Work is underway in our laboratory to delimit the synthetic application of this method.
In summary, we have demonstrated that numerous acids can be protected as tributyltin esters using tributyltin hydride or tributyltin methoxide. This protection have been successfully applied in Stille crosscoupling reactions between vinyltributyltins or tin acetylides and vinyl iodide bearing a tributyltin protected carboxylic function.
Experimental section
All reactions were carried out under inert atmosphere (N 2 ). Ether was dried and freshly distilled from sodium/benzophenone. DMF was dried by distillation over calcium hydride. 1 General procedure for the preparation of tributyltin carboxylates 5 mmol of acid are dissolved in 10 mL of diethylether and then 1.605 g (5 mmol) of tributyltin methoxide is added (syringe method). After further stirring at room temperature for 15 min, the methanol formed and the diethylether are removed under reduced pressure. The obtained tributyltin carboxylates are pure enough and can be used without purification.Tributylstannylbenzoate 4 and tributylstannyl-3-phenylpropionate 17 are commercially available.
